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SustainabilityMetro systems act as fast and efﬁcient transport systems for many modern metropolises; however, enhanc-
ing higher usage of such systems often conﬂicts with providing suitable accessibility options. The traditional
approach of metro accessibility studies seems to be an ineffective measure to gage sustainable access in
which the equal rights of all users are taken into account. Bangkok Metropolitan Region (BMR) transportation
has increasingly relied on the role of two mass rapid transport systems publicly called “BTS Skytrain” and
“MRT Subway”, due to limited availability of land and massive road congestion; however, access to such tran-
sit arguably treats some vulnerable groups, especially women, the elderly and disabled people unfairly. This
study constructs a multi-dimensional assessment of accessibility considerations to scrutinize how user
groups access metro services based on BMR empirical case. 600 individual passengers at various stations
were asked to rate the questionnaire that simultaneously considers accessibility aspects of spatial, feeder
connectivity, temporal, comfort/safety, psychosocial and other dimensions. It was interestingly found by
user disaggregated accessibility model that the lower the accessibility perceptions—related uncomfortable
and unsafe environment conditions, the greater the equitable access to services, as illustrated by MRT —
Hua Lumphong and MRT — Petchaburi stations. The study suggests that, to balance the access priorities of
groups on services, policy actions should emphasize acceptably safe access for individuals, cost efﬁcient feed-
er services connecting the metro lines, socioeconomic inﬂuences and time allocation. Insightful discussions
on integrated approach balancing different dimensions of accessibility and recommendations would contrib-
ute to accessibility-based knowledge and potential propensity to use the public transits towards transport
sustainability.
© 2012 International Association of Trafﬁc and Safety Sciences. Published by Elsevier Ltd. All rights reserved.1. Introduction
Access to metro or any rail based transport system, including rapid
elevated and underground transport, has become an outstanding issue
for many societies in large cities as they aspire to shape the future
with the use and implementation of efﬁcient mass transport systems.
Enhancing metro accessibility incorporates urban transportation policy
and planning of cities to propagate sharing of alternative modes and to
diminish car dependency. Coincidingwith this, the conceptualization of
“accessibility” for individuals has been deﬁned [1,2] and has become an
increasing criticism on long-term social sustainability [3]. Thus, the
issue of equal access for all users has reached a crisis point in many
expanding metropolises.
Unfairness in accessibility may be prevalent within Bangkok Met-
ropolitan Region (BMR), Thailand — a metropolitan region including
Bangkok and ﬁve surrounding provinces. BMR has two types of5245601; fax: +66 2 5246380.
.th, honney.pra@gmail.com
).
ssociation of Trafﬁc and Safety Scienmetros; namely, Bangkok Mass Transit System (BTS-Skytrain) and
Mass Rapid Transit (MRT-Subway), which are located at the heart of
the city adjacent to business centers. Running north–south of the
inner city, the BTS has two main lines and the MRT has one line; cov-
ering distances totaling over 45 km.
Disadvantaged groups (e.g. women, the elderly and disabled peo-
ple) seem to bear the burden of poor accessibility caused by only pro-
moting high usage volume for typical users. A gender-oriented focus
has shown that women have less access and tend to have multiple
purposes to their trips [4]. At the same time, speciﬁc efforts should
be made to investigate the capabilities and limitations of the elderly
and the disabled in accessing such systems particularly in the realm
of transferring modes within an existing metro system.
Although, many researchers and practitioners have undertaken
metro accessibility assessments, their efforts, in general, have been
central to spatial-based accessibility [5–7] or the economic values
and location-based accessibility [8–10]. These were usually measured
by the three indices of distance, time and cost.
These endeavors have not speciﬁcally focused on metro accessibil-
ity performance across groups in a social context. In addition, tradi-
tional approaches lack capturing of other forms of access indicatorsces. Published by Elsevier Ltd. All rights reserved.
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about the seemingly intrinsic and insurmountable access barriers
which have arisen due to the design of the metro system. Discussions
about the opportunity to access metro services across user groups can
be judged in terms of socioeconomic, temporal [11], and behavioral
[12,13] aspects.
The socioeconomic factors that are often given the most attention
are those of affordability and service usability. The total cost of metro
travel may be high due to encountering enormous transport costs
from cross-mode transferring, which should be regarded across user
groups. Inconvenient usability and confusion are often dominant
problems for user groups, such as the elderly with their limited capa-
bilities. In addition, psychosocial access predictors such as safety, so-
cial usefulness, trust, and comfort also need to be given more
consideration [14–16].
According to a temporal aspect, two key factors are important for
accessibility performance evaluation; namely, activity engagement
[17] and the time opportunity of different user groups. The interac-
tion of these two factors highlights the trip-making behavior of differ-
ent gender groups and other user groups. Moreover, opportunity and
equality to metro accessibility among user groups often remain invis-
ible within dominant transport policy.
This study proposes to assess individual metro accessibility per-
formance across user groups by applying multi-dimensional indica-
tors. A new accessibility assessment framework was developed in
this study based on a participatory and a sustainability approach.
The chief goal of this paper is to investigate and to compare accessi-
bility performance across groups, as the concern of equitable access
(the opportunities and beneﬁts of access to services across groups re-
garding multi-dimensional criteria are considered appropriate and
satisfactory). The ﬁndings can be useful for improving ongoing
metro projects and similar types of transit services in the study area
and other cities. The assessment framework of this study can provide
practical guidance for investigating accessibility performance of
metro systems and other transport modes.
2. Metro accessibility systems in BMR, Thailand
BMR is a metropolitan region, which is comprised of the Bangkok
Metropolitan Area (BMA) and ﬁve surrounding provinces (Samutprakan,
Nontaburi, Nakhonpathom, Pathumthani and Samutsakhon), covering
roughly 7583 km2 with an estimated population of about 10.4 million
(around 16% of the total population of Thailand).
In December 1999, two skytrain (BTS) routes started operating in
the BMR. The Bangkok Metropolitan Authority (BMA) assigned a
30-year concession, which was to be privately ﬁnanced, to Tanayong
Plc. Five years later in 2004, the second metro system, the Mass Rapid
Transit Subway (MRT) was ofﬁcially launched. The Mass Rapid Transit
Authority (MRTA) granted the Bangkok Metro Company Limited
(BMCL) a 25-year concession to operate the service. Both the skytrain
and the subway systems were built in the Central Business District
(CBD) of Bangkok, which includes downtown areas of Siam, Silom,
Sathorn and Sukhumvit Road.
Consideration needs to be given to the item inventories of both
metro systems in the prospect of the availability and quality in en-
hancing metro accessibility. Regarding facility design and ticketing
systems, Table 1 presents the existing conditions of metro access fa-
cilities, fare rates and incentives of selected stations.
As for ticketing, present fares for the BTS Skytrain and the MRT Sub-
way are operated and calculated on a different basis. The fares are high
when compared with buses and vans, and there is no fare transfer be-
tween the systems. The BTS offers passengers a ‘Smart Pass’ in four
types: BTS SKY Smart Pass, 30-Day Smart Pass (for students and adults),
Magnetic Pass (1 day pass), and Single Journey Ticket. TheMRT offers two
types of ticket: Single Journey Token (for adults and children) and Stored
Value Card. Both ticketing schemes have been designed for various timedurations. Disabled people can use the service free of charge, provided
they hold a disabled I.D. card.
Walking access facilities at stations are unfriendly for all user
groups, but especially for the aged and the disabled. The design limi-
tations are not only found in walking conditions, but also in the avail-
ability of basic facilities, such as elevators or any other instrumental
support. Parking services are available at some stations and fees are
high, with the exception of BTS — Mo Chit station where parking ser-
vices are offered free of charge.
3. Approach and methodology
3.1. Approach
This study contributes to the balanced integration of multifaceted
concepts of accessibility, such as built-environment, transport con-
nectivity, socioeconomic, psychosocial, temporal and equity dimen-
sions, for assessing metro accessibility performance with sound
theoretical and empirical methods. In addition, accessibility assess-
ment concerns not only typical user groups but also disadvantaged
groups, such as women, the elderly and the disabled, through
mixed-tool investigation and multi-stakeholder involvement by
using the case study of metro systems in BMR, Thailand. Actions
start at the clariﬁcation of questions such as, ‘how do all user groups
properly access the metro systems?’ and ‘what are the differences in
their accessibility performance across user groups?’ The evaluation
process of the study is in combination with various aspects of metro
accessibility based on a proper set of indicators, together with a
well-structured study and concept, to manifest appropriately the
metro accessibility performance.
3.2. Methodology
3.2.1. Selection of site stations
The key criteria used for selecting site stationswas the ability for each
station to give the expected example of all user groups, especially the el-
derly and disabled people. This is a limitation because such groups were
found only in a small proportion of all users. In addition, they would
demonstrate the various characteristics of functions of stations (termi-
nal, interchange and typical stations), built-environment and facilities
that can be visibly measured and provide adequate data supporting the
research process. After the pre-survey, three BTS Skytrain stations (Mo
Chit, Saphan Taksin,and Chong Nonsri), and three MRT Subway stations
(Chatuchak Park, Hua Lumphong, and Petchaburi) were selected to assess
the metro accessibility performance in BMR, Thailand.
3.2.2. Selection of indicators
First, a tentative set of indicators was conducted by reviewing and
interviewing the representative stakeholders from various sectors
such as local authorities (BMA), metro businesses (Bangkok Mass
Transit System Public Company Limited (BTSC) and Bangkok Metro
Public Company Limited (BMCL)), Mass Rapid Transit Authority
(MRTA), Ofﬁce of Transport Policy and Planning (OTP) and other in-
terested groups. Second, a set of hypothesized indicators was adjust-
ed and categorized into sustainability criteria. In this stage, 30
questionnaires comprising the indicator set were sent by email and by
post to interdisciplinary experts related to multi-dimensional accessi-
bility, in order to weigh a score using a ﬁve-point Likert item [18] to
give the researchers a suggestion of selected indicators for assessing
metro accessibility in the BMR. At the second stage, a total of 20 indica-
tors and criteria were left as shown in Table 2. Third, factor analysis and
reliability tests were created [19,20]. Initially, Kaiser–Mayer–Olkin
(KMO) [21] and Bartlett's tests were applied to measure the sampling
adequacy and to indicate the suitability for such analysis [22]. To
check the validity of this structure, a reliability test was carried out to
Table 1
On-site facilities and feeder connectivity at the studied stations.
On-station
facilities
Conditions BTS stations MRT stations
Mo Chit Saphan
Taksin
Chong Nonsi Chatuchak Park Hua Lumphong Petchaburi
Facilities for
pedestrian and
bicycle access
1. Sidewalk The width is between 1 and
3 m.
The width is
between 1
and 3 m.
The width is between 1
and 3 m.
The width is between 1 and 3 m. The width is between 1
and 3 m.
The width is between 1
and 3 m.
2. Bicycle parking n/aa n/a n/a n/a n/a n/a
3. Way link between Park
and Ride
Link with more than 2
entrances
Link with 1
entrance
n/a Link with more than 2 entrances n/a Link with more than 2
entrances
4. Park and ride 0.04 m2 n/a n/a 0.04 m2 n/a 0.05 m2
5. Staircases/elevators/
escalators
Availability of staircases/
elevators/escalators
No elevator Availability of staircases/
elevators/escalators
Availability of staircases/elevators/escalators Availability of staircases/
elevators/escalators
Availability of staircases/
elevators/escalators
6. Flooring Concrete Concrete Concrete Concrete Concrete Concrete
7. Sky walkway n/a n/a Available n/a n/a n/a
8. Luggage trolleys n/a n/a n/a n/a n/a n/a
9. Facilities in use for
announcing arrivals/
departures/giving time
Available Available Available Available Available Available
Facilities for
disadvantaged
groups access
10. Doorways to the public
access for disabled users
Poor n/a Poor Poor Poor Poor
11. Information point/desk
at station
–For disabled users n/a n/a n/a n/a n/a n/a
–For elderly n/a n/a n/a n/a n/a n/a
12. Ticket machines
accessible to all disabled
Available n/a Available Available Available Available
13. Adequate signage for the
blind at station
Poor n/a Poor Poor Poor Poor
14. Elevators for disabled/
elderly
Available n/a Available Available Available Available
Fares and
parking fees
15. Fare rates Single journey: 15–40 THBb
Disabilities: free
Single
journey:
15–40 THB
Single journey: 15–40 THB
Disabilities: free
Adults: 16–41 THB
Youth/elderly: 8–21 THB
Disabilities: free
Adults: 16–41 THB
Youth/elderly: 8–21 THB
Disabilities: free
Adults: 16–41 THB
Youth/elderly: 8–21 THB
Disabilities: free
16. Parking fees n/a n/a n/a 30 THB/h or 10 THB/2 h if presenting smart card n/a 40 THB/h or 10 THB/2 h
if presenting smart card
Incentives 17. Discounting card Available Available Available Available Available Available
18. Others n/a n/a n/a Free ride for children (≤14 years old) and disabilities
The discount rate given to elderly
n/a n/a
Feeder
connectivity
19. Bus lines 40 lines 11 lines 1 line 40 lines 19 lines 13 lines
20. Paratransits Available Available Available Available Available Available
21. Boat n/a –Crossing-
river ferry
n/a n/a n/a n/a
–Express boat
22. Train n/a n/a n/a n/a Hua Lumphong railway
station
n/a
23. Bus rapid transit (BRT) n/a n/a BRT Sathorn–
Ratchaphruek
n/a n/a n/a
24. Suvarnabhumi Airport
Rail Link (SRT)
n/a n/a n/a n/a n/a Link with SRT — Asok
station
a n/a = not available.
b 31 THB≈1 USD (as of February 1, 2011).
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Table 2
Indicators selected by factor analysis and reliability test.
Indicator
interpretation
Predictors included
in the indicator
Measurement
Psychosocial (Y1) Safety Sufﬁcient level of commitment of safety operation and strategies of managers/ staff
Social usefulness The extent to which attitudes on positive feelings of users on metro services on perceived support (respect, recognition,
approval)
Trust The extent to which attitudes of willingness to rely on metro services
Comfort Satisfaction level of people on cleanliness, lighting, weather, ventilation, shade, etc.
Temporal (Y2) Activity period Time period of target activities
Trip purpose The characteristics of trip purposes
Duration The comparison of duration preference of metro trip e.g., trips on daytime, on-peak, off-peak
Affordability (Y3) Income Personal income per month (THB per month)
Occupation Occupation of respondents
Basic needs
and market-based (Y4)
Basic needs Attitude level on how metro services respond to their needs and desires
Market-based Attitude level in response to “Do you get what you pay for?”
Connectivity and mixed
use (Y5)
Potential
connectivity
The calculation of average connectivity and average integration by space syntax technique
Mixed use 1
r
T−14j jþ cT−14j jþ iT−14j jþ oT−14j j
3=2
 
Where : r=acres in residential use (single and multi-family housing), c=acres in commercial use, i=acres in industrial use,
o=acres in other land uses, and T= r+c+ i+o.
A value of 1 indicates perfect mixing of the four land uses
Design attractiveness
(Y6)
Attractiveness of
metro utilities
Percentage of weighted attractiveness summations of utility design (built-environment around stations) adopted to optimize
the use of metro services
Equity (Y7) Equality to access The extent of attitude to which respondents think that they receive equal beneﬁt from services
Opportunity to
access
The extent of attitude to which respondents think that they have equal opportunity to access metro services and are taken into
account in an equal manner
Time and activity
obligation (Y8)
Time obtaining Total time (min)
Activity location The distance of activity locations from stations (km)
Urban environment/
compact (Y9)
Compact Percentage of residential, commercial, employment and other activities near the station within a 5 km radius
Reducing sprawl Level of attitudes related to spatial knowledge and settlement, modal experiences, paths and behavior to reducing sprawl
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item-total correlation score.
3.2.3. Questionnaire survey
A total of 600 questionnaires were completed by interviewing
metro passengers at the six BTS Skytrain and MRT Subway station
sites in the BMR for the assessment process. Data collection was ad-
ministered at various times of day and on different days of week.
The questionnaire structure consisted of three parts related to indi-
vidual travel information (e.g. where they live/origin and destination,
feeders, time and costs of whole trip) and other crucial dimensions,
such as built-environment, connectivity, socioeconomic and psycho-
social aspects, comfort/safety, time opportunity and the opinions re-
lated to needs and equity. To test the reliability of the questionnaire
structure, 50 passengers were chosen to be pilots. The data were dis-
aggregated by different social groups includingmen, women, the elder-
ly (age>60 years old) and disabled people (physical disabilities such as
blind/visual impairment and wheel chairs/physical impairment).
3.2.4. Assessment of metro accessibility
The evaluation processmade use of the ﬁtting indicator set based on
factor analysis and reliability test (Table 2). The performance results
were transformed to a standard scale, with a score between 0 and 1
assigned for each predictor, and then mean scores of each indicator
were calculated. Accessibility score of 0.00 indicates very poor accessi-
bility performance, while 1.00 indicates very good accessibility perfor-
mance. A high score elicits better metro accessibility performance.
4. Results
4.1. User's characteristics
Table 3 illustrates the characteristics of the users at the selected
stations. Among 600 respondents, almost half (49%) were male, and
only 10% were over 60 years old (elderly group). Disabled people
(blind or physically impaired) accounted for about 4.5%. The majority
of respondents (around 60%) were working groups in commercialbusiness (34%), government positions (5%), entrepreneurship (18%),
and international organizations (3%). The statistics show that 40% of the
respondents are non-working commuters, including students and an un-
employed group. The average income of respondents falls in the range of
10,000–20,000 THB/month (USD325–645), albeit the average total ex-
penditures of metro traveling (fares+parking costs (if any)+feeder
costs) is about 2400–4000 THB/month (USD75–130). Pearson's chi-
square test at 95% conﬁdence level shows that there is no difference be-
tween the user's characteristics at the selected stations.
In addition, the respondents were given an open-ended question
asking them to indicate their current residential location/origin and
destination. The majority (almost 80%) of respondents live far
(more than a 500 m radius) from the site stations where the results
are classiﬁed by 3 categories including Location type A — live within
a 500 m radius from station enabling users to reach the station with
5–10 min walk (23.5%), Location type B — live beyond a 500 m radius
from station within the same station district (74.5%), and Location
type C — live outside station district within BMR areas (2%).
Regarding feeder modes, bus transit is the major feeder of the metro
systems representing 40%, followed by van (around 23%). Paratransits
such as hired motorcycles and taxis are important feeders for the elderly
and disabled people who have few other satisfactory options. Boat travel
is another feeder type at some stations connected to a river, such as the
Saphan Taksin station. Based on the surveys, access to such stations al-
ways involves a mixed-access pattern mode, such as, walk+bus+boat,
walk+van+boat, and hired motorcycle+bus+boat (except for the el-
derly and the handicapped). At the other stations, people used multi-
modes, such as walk+paratransit, walk+bus, walk+bus+paratransit,
bicycle or car only. This phenomenon inﬂuences access costs and behav-
ioral responses across user groups.
4.2. Overall metro accessibility performance
Overall, mean values of metro accessibility performance indicated
a fair level of accessibility ranging from 0.544 to 0.630. However,
more explanation concerning different dimensions of accessibility in
Table 4 emphasizes the need for a basic policy to improve built-
Table 3
User's characteristics.
User's characteristics BTS — Mo
Chit
BTS — Chong
Nonsri
BTS — Saphan
Taksin
MRT —
Chatuchak Park
MRT —
Petchaburi
MRT — Hua
Lumphong
Total (%) Pearson
chi-square
Sig.⁎
1. Gender
1.1 Male 53 47 51 48 44 50 293 48.833 2.034 0.844
1.2 Female 47 53 49 52 56 50 307 51.167
Total 100 100 100 100 100 100 600 100.000
2. Age
2.1 b20 years old 10 10 10 7 6 8 51 8.500 31.331 0.178
2.2 21–30 years old 44 30 37 32 42 34 219 36.500
2.3 31–40 years old 24 24 36 24 23 26 157 26.167
2.4 41–50 years old 7 16 10 14 16 9 72 12.000
2.5 51–60 years old 9 8 3 9 4 9 42 7.000
2.6 >60 years old (elderly) 6 12 4 14 9 14 59 9.833
Total 100 100 100 100 100 100 600 100.000
3. Non-disabled or disabled people
3.1 Non-disabled 91 97 98 96 94 97 573 95.500 7.795 0.168
3.2 Disabled 9 3 2 4 6 3 27 4.500
3.2.1 Blind 6 2 1 3 3 2 17 2.833
3.2.2 Other physical impairment 3 1 1 1 3 1 10 1.667
Total 100 100 100 100 100 100 600 100.000
4. Income
4.1 b10,000 THB/month 11 11 21 14 15 10 82 13.667 35.607 0.078
4.2 10,001–15,000 THB/month 41 39 37 46 36 43 242 40.333
4.3 15,001–20,000 THB/month 23 27 12 13 21 33 129 21.500
4.4 20,001–25,000 THB/month 8 6 11 11 10 3 49 8.167
4.5 25,001–30,000 THB/month 13 11 12 7 11 7 61 10.167
4.6 >30,000 THB/month 4 6 7 9 7 4 37 6.167
Total 100 100 100 100 100 100 600 100.000
5. Occupation
5.1 Non-work group 31 36 47 46 40 40 240 40.000 26.656 0.145
5.2 Work group 69 64 53 54 60 60 360 60.000
5.2.1 Hired employee 35 42 27 31 36 32 203 33.833
5.2.2 Government ofﬁcer 4 3 5 2 7 10 31 5.167
5.2.3 Entrepreneur 23 17 20 17 15 15 107 17.833
5.2.4 International organization ofﬁcer 7 2 1 4 2 3 19 3.167
Total 100 100 100 100 100 100 600 100.000
6. Education
6.1 Less than bachelor degree 18 15 22 18 17 16 106 17.667 14.555 0.149
6.2 Bachelor degree 67 67 63 63 78 74 412 68.667
6.3 More than bachelor degree 15 18 15 19 5 10 82 13.667
Total 100 100 100 100 100 100 600 100.000
7. Vehicle in household (car, pick up or
motorbike)
7.1 No vehicle 53 43 59 41 40 39 275 45.833 16.613 0.083
7.2 1–2 vehicles 42 53 39 54 56 53 297 49.500
7.3 >2 vehicles 5 4 2 5 4 8 28 4.667
Total 100 100 100 100 100 100 600 100.000
8. Trip per week
8.1 b5 trips/week 28 29 23 30 40 29 179 29.833 17.369 0.067
8.2 5–8 trips/week 42 34 31 41 36 41 225 37.500
8.3 9–15 trips/week 30 37 46 29 24 30 196 32.667
Total 100 100 100 100 100 100 600 100.00
⁎ Signiﬁcant at 95% conﬁdence level.
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where the performance regarding this aspect is comparatively high in
scores of connectivity and mixed use and urban environment. In the
results regarding questions related to urban environment, the survey
indicates the actions of concern for metro accessibility include the be-
havior related to spatial and travel experiences. According to the re-
sults, a much greater proportion of metro users at MRT — Hua
Lumphong have the positive opinion and view of walking access to
public transit (45.7% agreed) and some have characteristics of the ac-
tive traveler (37.1% agreed). Those who do not own a car or motor-
bike are much more likely to use the metro transit systems.
4.3. Metro accessibility performance disaggregated by user groups (men,
women, the elderly and the disabled)
4.3.1. Temporal variability and affordability
Fig. 1 depicts the ﬁndings relating to multi-dimensional assess-
ment of the access performance to metro services for selected stationsacross user groups. The tabulation along with detailed examination
shows that women, the elderly and disabled were found to have dif-
ﬁculty accessing services in various aspects. The elderly would be
expected to be affected by the impacts of accessibility regarding tem-
poral dimension over the other groups in almost all stations. In this
case, 85% of aging passengers usually engage in the trip at off-peak
periods or weekends with social purposes (e.g., visit relatives/friends
or go shopping) times which possibly seem to have irregular and lim-
ited feeder services resulting in the lower accessibility scores. Not
only the elderly but also the disabled likely prefer to commute during
off-peak hours, together with having short activity duration that is
outstandingly manifested in BTS — Chong Nonsri, BTS — Saphan Tak-
sin and MRT — Petchaburi stations.
Interestingly, based on the interviews, at peak-hours, the working
disabled are likely to commute by other transit modes instead of using
metros as the reason of the inconvenient access conditions, especially
comfort and safety. It would be clearly seen at BTS— Saphan Taksin sta-
tion where the lower accessibility score regarding psychosocial
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pect for the disabled is noticeably seen by all BTS stations and MRT—
Chatuchak Park station.
In addition, Fig. 1 points out gender differences (t-test signiﬁcant
at 95% conﬁdence level) in terms of an affordability aspect measured
by income and occupation. Most females (about 70%) earn less than
20,000 THB/month, indicated as low accessibility, whereas males
earn much more. The elderly at many stations, such as BTS — Mo
Chit, BTS — Chong Nonsri, MRT — Chatuchak Park and MRT — Hua
Lumphong also have to be taken into consideration with this aspect.
On the other hand, disabled people were found to have fair accessibil-
ity according to affordability criterion.
Regarding time consumed and activity obligation (measured by
the distance from the end station to the destination), the majority
of metro users (>70%) have less egress distance at the end of the
trip (b0.5 km), especially the elderly. The respondents considered
the route before traveling by metro. However, some users have a
long egress journey, so they used multi-modes to access their activity
location as aforementioned. Although walk egress distance is quite
low, it does not mean that people are provided with good accessibil-
ity. From the performance results of time consumed (Table 5), the es-
timation data indicated that the average total travel time from origin
to destination is about 40–60 min, reported as a poor to fair accessi-
bility level. Users wasted time in waiting to catch various transit
modes, and walking to stations. As such, a double impact exists for
the vulnerable groups (women, the elderly and disabled people).
Table 5 illustrates that most disabled people spent the greatest
amount of time on metro accessibility compared with the other
groups, with the average total time of about an hour, followed by
the elderly (about 41–50 min). Regarding gender, men and women
show little difference in time taken, by which the percentage of re-
spondents of both groups were equally distributed at all range. Nev-
ertheless, for cost consideration, most of the elderly spent more
than the other groups because of costlier feeders. It is interesting
that disabled people, even with being exempted from paying metro
fares (Table 1), still pay high for the metro trip owing to the feeder
expenses. Based on survey, taxis seem only a popular feeder choice
for them in the case of indirect routes.
4.3.2. Psychosocial consideration on accessibility
The individual accessibility scores regarding psychosocial perspec-
tive, obtained from the assessment obviously illustrate access differ-
ences across user groups as shown in Fig. 1. Except MRT — Hua
Lumphong and MRT — Petchaburi stations, the disabled potentially
remark the service provision in the condition of comfort, safety, social
usefulness/supports and trust, regarded as the psychosocial parame-
ters. With this respect, the disabled at MRT — Chatuchak Park were
found to have the lowest accessibility scores (0.2). Data from struc-
turing interview emphasize the substantial consideration of safety
management and effective communication for such vulnerable
group. Through detailed investigation as demonstrated by the satis-
faction test in Table 6, a majority of disabled people (66.7%) showed
a very low perception of the provision of travel information, and in
the available support in understanding route links and transfers.
About 50% of disabled groups were strongly dissatisﬁed with the
safety operation of services that should be much considered as the
key area of the accessibility attention. More than half of the elderly
also agreed on this latter concern. They face difﬁculties due to indirect
routes, wasting time on transferring as well as creating additional
costs for themselves. Contrary to the hypothesis, the opinions related
to psychosocial aspect between men and women have no signiﬁcant
differences.
4.3.3. Design attractiveness
The illustration in Fig. 1 also provides the essential evidence of
unsuitable conditions of facility design supporting metro access of
a) BTS - Mo Chit station
c) BTS – Saphan Taksin station
e) MRT – Hua Lumphong station f) MRT – Petchaburi station
d) MRT - Chatuchak Park station
b) BTS - Chong Nonsri station
Fig. 1.Metro multi-dimensional accessibility performance of selected stations disaggregated by different user groups. Note: (1) Accessibility scores range from 0.00 which indicates very
poor accessibility performance, to 1.00 which indicates very good accessibility performance; (2) T-test sig. at 95% conﬁdence level for male and female accessibility=0.042 (t-values
2.638), for typical and disabled users=0.027 (t-values 2.215), and for typical and elderly people=0.363 (t-values 0.910).
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at MRT — Chatuchak Park station seem to have a poor performance
with this prospect; while BTS — Mo Chit, located next to it, failed to
serve the appropriate access facilities to the elderly group. Also, BTS
— Saphan Taksin, without the elevator and special services to accom-
modate the needs of the elderly and disabled (see Table 1) found poor
performance for such groups in similar concern.
The results in Table 7 show that the majority of the elderly and the
disabled feel dissatisﬁed with the availabilty of access facilities, and
the convenience and the quality of access facilities. For the design ar-
rangements related to connectivity, signiﬁcant differences among user
groups are found. The elderly and the disabled feel inconvenienced bythe access facilities. During the interview, these groups showed their in-
terest in improving design arrangements and access facilities, especially
with the sidewalks. This phenomenon raises the notion of a universal
design concept.
4.3.4. The attitudes related to equity aspect
The study also asked the respondents about their attitudes to op-
portunity and equality to metro access. The results show that the per-
formance are parallel to the pre-investigation of access practices
where disadvantaged groups (70% elderly, 65% disabled, 50%
women) expressed that they receive a lack of opportunity and un-
equal beneﬁts on their perceived access needs. There are signiﬁcant
Table 5
Total time and total costs of commuting by metro commuting.
User
groups
Total time (minutes)a Total (%)
≤30 31–40 41–50 51–60 >60
Male 12.3 20.1 24.9 28.7 14.0 100
Female 13.4 17.3 28.7 20.5 20.2 100
Elderly 2.5 15.0 37.5 22.5 22.5 100
Disabled 0.0 3.7 14.8 59.3 22.2 100
Total costs (THB)b Total (%)
≤40 40–60 61–80 81–100 >100
Male 45.1 31.4 11.6 9.2 2.7 100
Female 41.4 32.2 14.7 7.2 4.6 100
Elderly 12.5 22.5 32.5 10.0 22.5 100
Disabled 14.8 40.7 18.5 18.5 7.4 100
Very good accessibility→ Very poor accessibility
a Total time=access time+waiting time+time used of metro commuting.
b Total costs=feeder costs+metro fares+parking fees (if access to station is by car).
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cerns (Fig. 1). In this case, the performance related access equity of
the MRT seems better than that of the BTS. In terms of opportunity
to access the BTS, route information and transferring, remain the
great barriers for BTS, especially for people with disabilities and the
elderly. In addition, in the equality assessment, the most important
access difference between the BTS and the MRT is seen to be the dif-
ferences in unequal access beneﬁts, especially high percentage of ac-
cidents for disadvantaged groups concerning walking access at the
BTS.
5. Discussions
Based on the framework of this research, it is intended that a bet-
ter understanding of equitable access be reached. As such, the exist-
ing metro accessibility performance based on the BMR empirical
case induces an accusation of unfairness in metro accessibility along
with various aspects across user groups. Support was found for the
hypothesis based on a statistical t-test at 95% conﬁdence level (note
(2) Fig. 1). The mean scores of overall accessibility performanceTable 6
Satisfaction test in attitudes related to psychosocial aspect of metro accessibility.
Satisfaction User
groups
Perception of travel information provision, or supports in understanding route
links and transferring
Men
Women
Elderly
Disabled
Directness of routes that does not make passenger facing waste of time travel or
creating opportunity costs
Men
Women
Elderly
Disabled
Satisfaction of service quality related to indoor environment e.g., cleanliness,
lighting, etc.
Men
Women
Elderly
Disabled
The extent to which attitudes of willingness to rely on perceived control and
quality of management of services
Men
Women
Elderly
Disabled
The extent to which attitudes on positive feelings of users on metro services on
perceived support
Men
Women
Elderly
Disabled
Sufﬁcient level of commitment of safety operation and strategies of managers/
staff
Men
Women
Elderly
Disabled
Note: Ratings range from strong dissatisfaction (accessibility scores 0.00) which indicates
which indicates very good accessibility performance.identify signiﬁcant differences between female and male, and also
disabled and typical user groups. Despite the fact that the assessment
model does not statistically distinguish the mean scores between the
elderly and typical users, the data of some aspects such as psychoso-
cial, facility design and temporal dimensions showed poor accessibil-
ity levels as aforementioned in details examination. These pertain to
the consideration of transport planning and policy of cities.
5.1. Implication of the results
Even though the rationale behind the traditional accessibility ap-
proach has yielded improving mass rapid transport and more accessi-
bility of other public transport for people in the cities, it might fail to
explicitly show the details examination of the effects of individuals
across socioeconomic segments under accessibility attention. Also,
their responses on needs, abilities, and opportunities relating access
might be overlooked, as comprehended by the study. To balance prior-
ities of individual access to services based on BMR empirical case, policy
actions differentially targeting the vulnerable groups regarding differ-
ent dimensions of accessibility should be geared for consideration.
Considering psychosocial, comfort and safety dimensions, these en-
tities have impacts on access needs and abilities. Regardless of user
disaggregation (Table 4), accessibility level indicated by psychosocial
parameter across stations seems high; albeit it does not truly reﬂect
whether all user groups properly and satisfactorily access the metro
systems as the chief target of equitable access compared to disaggre-
gated version in Fig. 1. It can be implied from the study that the lower
the feelings of uncomfortability and unsafety associated with acces-
sing metro services, the greater equitable access to services will be.
The example of this assumption could be seen in the MRT—Hua Lum-
phong and MRT — Petchaburi stations, where accessibility scores re-
garding psychosocial dimension (Y1) across user groups seem equal
and high, with the attitudes to equity (Y7) reports following in the
same direction — in contrast to the results from other stations. With
regard to premium fair service accessibility, it is important to integrate
a safe environment program into the policy that addresses the existing
possible risks to vulnerable groups on using and accessing services and
substantially identiﬁes acceptable safe condition of the groups.Strong
dissatisfaction
Dissatisfaction Partial
satisfaction
Satisfaction Strong
satisfaction
Total
(%)
0.0 2.0 44.7 45.7 7.5 100
0.3 2.9 34.9 53.4 8.5 100
0.0 57.5 10.0 32.5 0.0 100
3.7 66.7 29.6 3.7 0.0 100
0.7 3.8 42.7 47.4 5.5 100
0.3 5.5 52.4 35.8 5.9 100
0.0 20.0 52.5 27.5 0.0 100
0.5 4.9 48.5 40.3 5.8 100
0.0 3.8 40.6 42.3 13.3 100
0.3 2.0 36.8 50.2 10.7 100
0.0 5.0 72.5 22.5 0.0 100
0.2 3.0 38.7 45.9 12.2 100
0.0 2.4 42.7 39.9 15.0 100
0.0 2.9 33.6 52.1 11.4 100
0.0 0.0 32.5 62.5 5.0 100
8.6 2.8 30.6 45.4 13.3 100
0.0 3.8 32.4 41.6 22.2 100
0.0 2.9 30.0 47.6 19.5 100
0.0 0.0 22.5 60.0 17.5 100
3.5 0.0 31.8 44.9 19.9 100
0.3 5.5 44.4 44.0 5.8 100
0.7 6.2 48.2 37.1 7.8 100
5.0 52.5 20.0 15.0 7.5 100
11.1 37.0 40.7 11.1 0.0 100
very poor accessibility performance, to strong satisfaction (accessibility scores 1.00)
2 The stated choice method can be used for predicting the behaviors or preferences
of commuters or non-commuters when choosing among alternatives deﬁned by
attributes.
Table 7
Attitudes to design attractiveness.
Attitudes to design attractiveness User
groups
Strong
dissatisfaction
Dissatisfaction Partial
satisfaction
Satisfaction Strong
satisfaction
Total
(%)
The availability of access facilities e.g., ticketing machines, signage
and elevators
Men 0.0 12.3 35.5 40.6 11.6 100
Women 0.0 10.1 34.2 44.6 11.1 100
Elderly 0.0 25.0 32.5 42.5 0.0 100
Disabled 22.0 51.9 22.2 3.7 0.0 100
The convenience of access facilities Men 14.0 22.2 51.9 3.7 0.0 100
Women 10.1 24.6 24.2 30.0 7.2 100
Elderly 22.5 37.5 15.6 28.0 8.8 100
Disabled 14.8 35.0 27.5 10.0 5.0 100
The quality of side walk Men 3.8 29.6 44.7 21.6 0.3 100
Women 3.3 36.7 45.6 13.8 0.7 100
Elderly 0.0 62.2 21.6 21.6 0.0 100
Disabled 14.8 48.1 18.5 18.5 0.0 100
The design arrangement related to connectivity within station areas Men 2.0 19.1 32.1 33.4 13.3 100
Women 3.9 25.7 32.9 30.0 7.5 100
Elderly 27.5 50.0 15.0 7.5 0.0 100
Disabled 22.3 48.1 22.2 7.4 0.0 100
The quality of side walk e.g., width and ﬂooring Men 4.1 33.4 34.8 20.1 7.5 100
Women 4.6 32.6 33.2 23.1 6.5 100
Elderly 2.5 50.0 17.5 25.5 5.0 100
Disabled 3.7 51.9 14.8 11.1 18.5 100
Note: Ratings range from strong dissatisfaction (accessibility scores 0.00) which indicates very poor accessibility performance, to strong satisfaction (accessibility scores 1.00)
which indicates very good accessibility performance.
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Section 4.2 have been derived from several access processes upon
types of user groups. It becomes essential that, based on ﬁndings, ma-
jority of the disabled are dissatisﬁed with safety operation, by which
they would face accidents, especially the blind, from getting off
feeders, walking to stations, and taking elevators (available only in
some stations) to boarding. Despite the fact that the services have
staff responsible for helping them; they would prefer to be offered
special facilities/design supports for manually accessible services.
Also, senior passengers signiﬁcantly have an effect on this prospect,
but they greatly posed the possibly unsafe conditions where exces-
sive crowds are using the services, especially on queuing and board-
ing. It is a result of lack of identifying priority areas for them, unlike
the disabled; without ticket buying and queuing, they were less
faced with the conﬁnes at boarding stations.
The ﬁndings on this issue would be of use for improving the stage
of mass rapid transit and other public transport designs. As men-
tioned in Section 4.3.3, besides unavailable or unreliable provision
of the existing metro facilities for disadvantaged groups (Table 1)
that entails substantially physical improvements, psychosocial im-
pediments to access appear to be strong to identify the problems of
unsuitable design of staircases, escalators/elevators, curbs, walkways,
narrow doorways, etc. of each group as discussed in the Results to-
wards efﬁcient improvement.
Surprisingly, the study shows no gender differences regarding
psychosocial issue; nevertheless, socioeconomic discrepancy among
men and women cause high impact on accessibility level in line
with affordability and temporal dimensions due to affecting opportuni-
ty to access the transit services. Regarding affordability, from the ﬁnd-
ings, gender income disparity and unemployment not only limit
individual metro accessibility, but also affect long-term social sustain-
ability. With a weak economic base, women can less afford to access
metro services than men. In particular, non-working elderly women
and non-working disabled (NWD) women report more negative ef-
fects. In this case, public transport subsidies should be provided and
justiﬁed in a reasonable and equitable manner.
According to ﬁndings, the primary reason on costly metro accessibil-
ity is aligned with feeder expenses affecting all groups, yet its effects to
accessibility level depend on wide magnitudes of socioeconomic status.
Inﬂuences of this factor are evidently revealed from the performance re-
sults of MRT— Petchaburi station where location exposed very low con-
nectivity, mixed use and urban environment scores in accessibilityconsideration; albeit high accessibility scores according to affordability
of the elderly are illustrated, they have high impacts on unbalanced ac-
cess costs among user groups as the part of analysis in Table 5. Their re-
sponses relating to needs and market-based (based on the question ‘Do
you get what you pay for?’) and the opinions on equality and opportuni-
ty to access services signiﬁcantly presented positive attitudes, thus sup-
porting the core methodology of the study which is why accessibility
assessment needs to look at these various aspects together. In addition,
it would affect policy actions to distribute the service subsidies along
with socioeconomic basis.
However, costly metro accessibility brought by feeder expenses of
vulnerable groups becomes interesting in the discussion. It is likely
associated with the transport behavior to avoid using public transpor-
tation as supported by Tangphaisankun et al. [16]. Cost efﬁcient feed-
er services connecting metro lines should be considered in the
intervention to fulﬁll the approach of an efﬁciently integrated mass
transit system. One concern is that not less than two-thirds of
passengers, especially the elderly and women use the services for non-
mandatory purposes at different off-peak hours andweekends, regarded
as temporal inﬂuences. Incentive programs with appropriate time alloca-
tion could be arranged for these groups to enhance behavioral responses
to access transits towards increasing propensity to use such services.
5.2. Limitations and recommendations
Assessment framework and design method proposed by this study
drive the novel viewpoints of multi-dimensional aspects to the acces-
sibility contribution along with the balanced access priorities of
metro user groups based on BMR experiences; nevertheless, as one
of the limitations, the comparative non-user based model is acquired
to fulﬁll the gap of the study particularly in the behavioral and psy-
chosocial responses, socioeconomic and other barriers of non-users on
using the services. Also, the comparison of the access decisions to ser-
vices between both groups should bemoved toward by further research.
The endeavor may need to modify the techniques or measures
when considering the part of non-users' perceptions. Hensher and
Rose [24] discussed that the stated choice model2 could be applied in
recognition of the measurement of preferences between traveler
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economics and psychological approaches. Adjustment of model to
accessibility assessment involves the determination of geographical
conﬁguration and benchmarks. On such notion, user-based and non-
user-based accessibility model regarding the conditions of different
urban zones across socioeconomic segments can be more clariﬁed.
Yet, detailed examination and in-depth interview of disadvantaged
group on service experiences (e.g., negative feedback from potential
users) as discussed in this study should not be regardless. The study
recommends integrating two approaches together.
However, if considering the indirect way, the commuters who
have a trip frequency of less than 3 trips/week, classiﬁed as ‘non-
users’ [25] can remark feedback on some of the reasons why they
don't use the service with a standard attitudinal survey to make com-
parison across stations and zones. In that case, the study would reﬂect
some concerns. According to proﬁle data belonging to neighborhood
types in Section 4.1, vulnerable non-commuters (disadvantaged
groups who have less trips) who live in Location type A, as buffer
zone areas, also found similar negative feedback on psychosocial as-
pect on accessing services, for instance, the crossing time to pass
through the metro turnstiles is too short for people, especially slow-
moving seniors to pass without getting jammed, thus concentrating
on the extent to which the importance of safety and comfort consider-
ations to accessibility domains. Nonetheless, the slight number of elderly
and disabled population on stations is another key barrier to signiﬁcantly
endorse this ﬁnding because the metro systems are still unpopular
modes for them partly because of such access difﬁculties. So, purposive
sampling and interviewed key informants are the solution of the study.
In addition, the study did not illustrate the institutional inﬂuences
that are important and could be challenges in any future works. Fur-
ther research should explicitly study factors affecting the accessibility
performance and how to measure the policy efﬁciency as well as how
to implement the policy or the analysis of the impacts from policy
decisions.
6. Conclusions
Central to two hypotheses dissected through the holistic assess-
ment framework of the study, the performance consequences to ac-
cessibility consideration on selected mass rapid transit stations
across user groups as regards simultaneously multi-dimensional as-
pects based on BMR empirical case elucidate the potential effects of
psychosocial, comfort and safety and other dimensions to the dis-
abled, and the elderly, and in fact, not performing well in light of
their needs and abilities on their experiences with accessibility;
while socioeconomic segments inﬂuence more the rights of women
in services accessible. The ﬁndings support the main objective of the
study in that, accessibility assessment needs to simultaneously con-
sider various aspects of accessibility. Despite the fact that most of
the indicators are qualitative judgments from respondents, chi-
square statistics show an indifference of user's characteristics of the
selected stations, in that it might reduce bias and inaccuracy of the re-
sults. This supports the pattern of Bangkokians' behavioral responses
to premium transit services in BMR. In the effort to maximize accessi-
bility for all users, policy actions, as respective of the ﬁndings, might be
useful not only to BMR, but also to other cities or any related public
transportation services to balance priorities of access among groups.
Also, the discussion that argues to integrate various dimensions to
accessibility-based knowledge would be the primary contribution by
whichmodels and designmethods need to be appropriately adjusted to.
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